Pd remains poorly understood. The NRC (2012) gestating sow model assumes that the effect of energy intake above maintenance on energy intake-dependent maternal Pd remains constant throughout gestation (Dourmad et al., 2008; NRC, 2012) . Whole-body Pd that is not associated with energy intake (or pregnancy) is referred to as time-dependent maternal Pd and is assumed to subside around d 56 of gestation, when fetal nutrient demands begin to increase (NRC, 2012) . Maternal Pd is particularly important for first parity sows (i.e., gilts), as they have not attained their mature body lean tissue mass entering their first lactation, and is estimated at 30 to 40% (Whittemore, 1996) . Further understanding of the dynamics of maternal Pd, including effects of energy intake, is required to more closely estimate AA requirements throughout gestation. Moreover, maternal Pd during late gestation is likely to be compromised due to the increased nutrient demand for the growth of the fetus and associated products of conception, which is predominately protein (Noblet et al., 1985) . We hypothesized that the effect of feed intake on maternal Pd decreases toward the end of gestation due to increased fetal nutrient demands. The objective of this study was to determine whole-body and maternal Pd in gilts at 2 different feeding levels during gestation. Changes in BW and backfat and subsequent lactation performance were also evaluated.
MATERIALS AND METHODS
The experimental protocol was approved by the University of Guelph Animal Care Committee (Animal Utilization Protocol number 1415) and followed Canadian Council of Animal Care guidelines (CCAC, 2009 ).
Animals and General Management
The study was conducted at the Arkell Swine Research Station (Ontario Ministry of Agriculture, Food and Rural Affairs, Guelph, ON, Canada; University of Guelph, Arkell, ON, Canada). Fifty-one gestating Yorkshire gilts (bred to Yorkshire sires) were sourced in 4 groups of 10 to 18 gilts at pregnancy confirmation and individually housed throughout gestation in conventional gestation stalls (0.64 by 2.13 m). Actual BW and P2 backfat (bF; 6.5 cm from the midline over the last rib) at breeding were 146.7 ± 2.3 kg and 17.2 ± 0.8 mm, respectively. From breeding to d 32 of gestation, gilts were fed 2 to 2.5 kg/d of a common diet (Table 1) according to a BCS of 3. Random assignment to dietary treatment was based on BW and BF measured at d 28 ± 0.5 of gestation once gilts were confirmed pregnant while targeting similar BW and BF for the 2 treatments: 15% above and 15% below estimated energy requirements for gestating gilts (NRC, 2012). The energy requirements were determined according to the NRC (2012), considering estimated mean BW at breeding (145 kg), parity (1), gestation length (114 d), anticipated total BW gain (65 kg), anticipated litter size (12.5 piglets), and anticipated mean piglet BW at birth (1.40 kg). Starting at d 33 ± 0.5 of gestation, gilts were fed 2.54 (high feeding level) or 1.87 (low feeding level) kg/d of a common experimental diet (Table 1) in a single daily meal fed at 0800 h. The experimental diet was formulated to exceed AA requirements of gilts on the low feeding level from d 90 to 114 of gestation, to exceed AA requirements of all gilts and throughout gestation. Therefore, in this experiment, the feeding level effect was considered synonymous with an energy intake effect. The experiment was conducted over a 13-mo period and used 9 subsequent batches of the same experimental gestation diet. Titanium dioxide was included as an indigestible marker to calculate total tract N digestibility. Gilt BW and BF was measured and gilt ADG was calculated every 2 wk throughout gestation from d 42 ± 0.5 of gestation.
Gilts were moved to farrowing crates at d 112 ± 0.5 of gestation and then fed a common lactation diet until weaning at d 21.5 ± 0.6 of lactation (Table 1) . Gilt and piglet management during lactation followed standard Arkell Swine Research Station protocol relevant to the genetic line. Piglets were processed (i.e., tail docking, ear notching, needle teeth clipping, and iron dextran injection) within 24 h of birth. The number of pigs born alive, stillborns or mummies, and total litter weights were recorded. Litter size was standardized to 9 piglets within 24 h of birth, using cross-fostering independent of treatment when necessary. On the day after farrowing, gilts received 1 kg of feed; thereafter, feed intake was increased 0.5 kg/d until d 7 of lactation. Starting at d 7, gilts were fed ad libitum, farrowing crates were opened to allow for free gilt movement (Canarm Eurocrate, Arthur, ON, Canada), and creep feed was offered to the piglets. Litters were weighed at birth; d 7, 14, and 21 of age; and again at weaning if it occurred after d 21. All piglet mortalities were recorded and weighed. Litter and piglet gains were calculated based on standardized litters accounting for piglet death loss. Colostrum samples were taken from gilts when an investigator was present at farrowing and subsequent mature milk samples (d 14.7 ± 0.6) were taken from the same gilts after intramuscular administration of 1 mL oxytocin (20 IU/mL; Vétoquinol, Lavaltrie, QC, Canada) to stimulate milk let down. Gilts were weighed within 24 h of farrowing and feed intake, BW, and BF was measured at weekly intervals.
Nitrogen Balance
Five N balance periods were conducted over 4-d periods starting at d 38, 52, 66, 87, and 108 ± 0.5 of gestation. Prior to each N balance period, urinary catheters (Lubricath, 2-way, 30 mL balloon, 18 French; Bard Medical Canada Inc., Oakville, ON, Canada) were lubricated and inserted flaccidly through the urethra, and the balloon was inflated with 30 mL of saline solution to retain the catheter in the bladder. Urine was quantitatively collected every 24 h in closed containers joined to the catheters with polyvinyl tubing, and H 2 SO 4 was added to the containers to maintain a pH of less than 3. After each successful 24-h collection (96% success rate), a representative subsample was obtained and stored at 4°C until further analysis. Urinary catheters were removed at the end of each N balance period. Grab fecal samples were collected daily, pooled per gilt and N balance period, and stored at −20°C until further analysis.
Nutrient Analysis
Feed subsamples were collected weekly throughout the study. Samples within each of the 9 batches of feed were pooled and homogenized before nutrient analysis of each individual batch. Fecal samples were pooled after each N balance period for each gilt, and a 200-g sample was freeze-dried and homogenized. Samples of diet, freeze-dried feces, and 24-h subsamples of liquid urine were sent to a commercial laboratory (SGS AgriFood Laboratories, Guelph, ON, Canada) for analyses of DM (feed and feces), N (all samples), and Ca and P (feed only). Dry matter content of feed and feces was measured via forced-air oven drying for 2 h at 135°C according to Association of Official Analytical Chemists (1997) method 930.15. Nitrogen concentration was determined by combustion analysis according to Association of Official Analytical Chemists (1997) method 990.03 (LECO-FP 428 analyzer; LECO Instruments Ltd., Miss issauga, ON, Canada). Calcium and P content was determined by inductively coupled plasma spectrometry according to Association of Official Analytical Chemists (1997) method 985.01 (PerkinElmer OPTIMA 3000; PerkinElmer Inc., Waltham, MA). Titanium dioxide concentration in feces (duplicate) and each batch of diet (quadruplicate) were quantified according to Zhu et al. (2005) . Absorbance of standards and samples were measured by spectrophotometry (Beckman DU-7400; Beck man Instruments Inc., Fullerton, CA) at 408 nm. Colostrum and mature milk samples were analyzed for CP (N × 6.38), fat, and lactose concentration by infrared spectroscopy (MilkoScan FT Plus, series 6000; Foss Analytical, Hillerød, Denmark) at a commercial laboratory (Agriculture and Food Laboratory, Guelph, ON, Canada).
Calculation of Whole-Body Protein Deposition
Nitrogen retention was calculated as described by Möhn and de Lange (1998) . Daily N intake was calculated from feed intake and analyzed N content of the associated batch of feed, and N excretion was calculated from fecal and urinary output. Fecal N output (g/d) was calculated from N intake and apparent fecal N digestibility, with N digestibility estimated using titanium dioxide as an indigestible marker (Zhu et al., 2005) . Previously, we observed large daily variation in urinary N excretion in gestating gilts (Miller et al., 2013) . For this reason, urinary N excretion (g/d) was determined daily, and when the CV of daily N excretion within gilt and N balance period exceeded 15%, the most extreme value was removed (35% of all balance periods warranted the removal of 1 extreme value). If the CV for the remaining 3 daily observations still exceeded 15%, data for the entire N balance period was rejected and treated as a missing observation (3.5% of all balance periods were removed for extreme day-to-day variation).
The NRC (2012) gestating sow model was used to calculate Pd (g/d) in each of the pregnancy-associated pools (fetus, mammary gland, uterus, and placenta and fluids) based on actual litter size (including stillborns) and actual mean pig birth weight, for each gilt and N balance period. Pregnancy-associated Pd was subtracted from whole-body Pd to arrive at maternal Pd (i.e., sum of timeand energy intake-dependent Pd). The postabsorptive efficiency of using dietary Lys for whole-body Pd was calculated on an individual gilt basis from d 87 to 112 according to the NRC (2012), when nutrient demands are greatest, to ensure that Lys intake did not limit Pd.
Statistical Analysis
Statistical analyses of N balance, gestation, and lactation performance data were conducted using the mixed model procedure of SAS (version 9.4; SAS Inst. Inc., Cary, NC) with repeated measures and gilt as the experimental unit. The model included the fixed effects of feeding level and time (e.g., day of gestation) and random effects of block (i.e., group of gilts available) and gilt nested within feeding level and block. Preplanned contrasts were constructed to compare feeding levels within each time point in addition to linear, quadratic, and cubic contrasts across time. Nonlinear regression analyses were performed for maternal Pd and ADG during gestation. The degrees of freedom were computed with the Kenward-Roger adjustment for repeated measures and the autoregressive covariance structure was used. A P < 0.05 was considered significant and 0.05 < P < 0.10 was considered a tendency.
RESuLTS

Growth Performance
Body weight and BF at d 28 ± 0.5 of gestation did not differ between the high and low feeding levels. Overall ADG between d 42 and 112 ± 0.5 of gestation and absolute BW and BF at d 112 ± 0.5 of gestation were greater (P < 0.001; Table 2 ) for gilts on the high feeding level. Nonlinear regression analyses of ADG during successive 2-wk periods showed that ADG patterns were identical for the 2 feeding levels, with ADG systematically 0.21 ± 0.03 kg/d greater for gilts on the high feeding level (Fig. 1) . 1 High and low feeding levels provided 15% above and 15% below estimated energy requirements for gestating gilts (NRC, 2012) .
2 Maximum value of the SEM.
3 P-values represent main effect of day of gestation as no feeding level × day of gestation interactions were observed, except for BW; at each measurement after d 53, gilts on the high feeding level had greater (P < 0.017) BW.
4 Represents protein deposition (Pd) attributed to pregnancy-associated tissues (fetus, mammary gland, uterus, and placenta and fluids) and calculated using the NRC (2012) gestating sow model and based on actual litter size and mean piglet birth BW. A feeding level × day of gestation interaction was observed (P = 0.001) from d 108 to 112, with gilts on the low feeding level having greater pregnancy-associated Pd, which can be attributed to the greater litter size (Table 4) .
5 Calculated as the difference between whole-body Pd and pregnancyassociated Pd for each N balance period. A feeding level × day of gestation interaction was observed (P = 0.001), where gilts on the low feeding level had greater pregnancy-associated Pd between d 108 and 112, which can be attributed to the greater litter size (Table 4 ). 
Nitrogen Balance
Parameters of N utilization for the 5 N balance periods and 2 feeding levels are presented in Table 3 . Nitrogen retention and whole-body Pd were greater (P < 0.001) for gilts on the high feeding level during each N balance period, and there were positive linear and quadratic (P < 0.001) relationships with day of gestation for both feeding levels. The feeding level × day of gestation interaction for N utilization parameters was not significant and N digestibility and tended to be higher for gilts on the low feeding level from d 52 to 91 (P < 0.004). Calculated pregnancyassociated Pd was not different between feeding levels and there were positive linear, quadratic, and cubic relationships (P < 0.001) for pregnancy-associated Pd with day of gestation. The feeding level × day of gestation interaction was not significant and pregnancy-associated Pd was lower for gilts on the high feeding level from d 108 to 112 (P = 0.001). Estimated maternal Pd was greater (P < 0.001) for gilts on the high feeding level and there were negative linear and cubic relationships (P < 0.001) with day of gestation for both feeding levels. Nonlinear regression analyses of maternal Pd during the 5 N balance periods showed that maternal Pd patterns over time were identical for the 2 feeding levels and systematically 40.1 ± 5.2 g/d greater for gilts on the high feeding level (Fig. 2) . The feeding level × day of gestation interaction was not significant for maternal Pd. Estimated Lys retention efficiency was 0.47 ± 0.04 from d 87 to 112 of gestation (mean of the last 2 balance periods in the current study) and did not differ between the high and low feeding levels.
Farrowing and Lactation Performance
Gilts on the high feeding level had greater BW 24 h after farrowing and at weaning as well as greater BW loss during lactation (P < 0.030; 1 High and low feeding levels provided 15% above and 15% below estimated energy requirements for gestating gilts (NRC, 2012) .
3 Number of gilts within each period where complete N balance data were collected. 4 Feeding level remained constant throughout gestation; differences in N intake with day of gestation were due to small differences in analyzed N content between batches of feed.
5 Protein deposition (Pd) attributed to pregnancy-associated tissues (fetus, mammary gland, uterus, and placenta and fluids) and calculated using the NRC (2012) gestating sow model based on actual litter size and mean piglet birth BW.
6 Calculated as the difference between whole-body Pd and pregnancyassociated Pd for each balance period.
7 A feeding level × day of gestation interaction was observed (P = 0.001), where gilts on the low feeding level had greater pregnancy-associated Pd between d 108 and 112, which can be attributed to the greater litter size (Table 4) . at farrowing and BF loss during lactation was greater (P < 0.010) for gilts on the high feeding level and BF at weaning did not differ between gestation feeding levels.
Gilt voluntary feed intake during lactation did not differ between gestation feeding levels. The number of pigs born alive was greater (P < 0.041) and total litter birth weight (including stillborns) tended to be greater (P = 0.066) for gilts on the low feeding level. Piglet ADG did not differ between gestation feeding levels and litter growth rate tended to be greater (P = 0.071) for gilts on the high feeding level. Number of pigs weaned and piglet weaning weight did not differ between feeding levels. Gestation feeding level did not affect colostrum or mature milk fat, CP, or lactose content. However across the 2 feeding levels, the concentration of fat was greater (P < 0.001; 6.5 ± 0.4 and 8.8 ± 0.4%, respectively), the concentration of CP was lower (P < 0.001; 20.1 ± 0.6 and 5.9 ± 0.4%, respectively), and the concentration of lactose was greater (P < 0.001; 2.0 ± 0.1 and 5.5 ± 0.1%, respectively) in mature milk compared with colostrum.
DISCuSSION
The current study was performed to evaluate the dynamics of Pd in gestating gilts at 2 feeding levels, changes in BW and BF during gestation, and subsequent lactation performance. Previous studies have reported a linear increase in whole-body Pd (N retention × 6.25) with day of gestation in gilts (Kline et al., 1972; Willis and Maxwell, 1984; King and Brown, 1993 ). An increase in whole-body Pd with day of gestation was also observed in the current study, but the nature of the increase was best described 1 High and low feeding levels provided 15% above and 15% below estimated energy requirements for gestating gilts (NRC, 2012) .
3 Gilts weighed within 24 h of farrowing and at weaning (21.5 ± 0.6 d).
4 Backfat measurement taken before moving to farrowing room (about d 112 of gestation) and d 3 after weaning.
5 Including stillborn piglets.
6 Calculated as the total litter gain divided by the lactation length. Initial and final litter weight were based on standardized litter size (9 piglets; within 24 h of birth).
7 Calculated as total litter gain divided by the number of days and accounting for piglet mortalities. Whole-body Pd was calculated from whole-body N retention based on N balance observations (total urine collection with urinary catheters and determination of fecal N digestibility using an indigestible marker). Maternal Pd was calculated as the difference between whole-body Pd and pregnancy-associated Pd (NRC, 2012) . Pregnancy-associated Pd is attributed to pregnancy-associated tissues (fetus, mammary gland, uterus, and placenta and fluids) and calculated using on the NRC (2012) model based on actual litter size and mean piglet birth BW at each N balance observation. The pattern of maternal Pd can be described by a single cubic regression equation: maternal Pd = −0.00049 (day) 3 + 0.1085 (day) 2 − 7.7887 (day) + i; R 2 = 0.625; cubic, P = 0.008), where only the intercept (i) differs between the feeding levels and day signifies day of gestation (i = 293.0 and 250.4 g/d for the high and low feeding levels, respectively).
by a quadratic relationship, most likely due to the greater number of N balance periods. A dip in whole-body Pd from d 52 to 56 agrees with Dourmad et al. (1996) and may reflect lower total nutrient requirements in mid gestation when neither maternal nor fetal requirements are particularly high. Throughout gestation, Pd was 40.1 g/d greater for gilts on the high feeding level and was similar to that observed by King and Brown (1993) and Everts and Dekker (1994) during late gestation.
Given that pregnancy-associated Pd is reasonably well characterized (NRC, 2012) , maternal Pd can be indirectly estimated from whole-body Pd. Younger sows will have greater energy and AA requirements for maternal Pd and lower maintenance requirements (Pettigrew and Yang, 1997 ). In the current study using gilts, 3 distinct phases of maternal Pd were identified as gestation progressed, regardless of feeding level.
Greater maternal Pd during early gestation observed in the current study may be attributed to time-dependent maternal Pd, which is assumed to subside by d 56 of gestation (NRC, 2012) and appears more pronounced in the current study due to the young and physically immature gilts that were used. Maternal Pd was intermediate for mid gestation to that during early and late gestation (i.e., d 66 to 70). It is possible that maternal Pd at this time may serve to increase the labile reserves available for mobilization during late gestation and lactation if nutrient intake is limiting (Close et al., 1984) . Finally, maternal Pd declined during late gestation (regardless of feeding level), agreeing with Close et al. (1984) and Shields et al. (1985) , and may illustrate a physiological competition for energy and nutrients between maternal and fetal tissues that is independent of nutrient supply. It is well documented that insulin plays a large role in the regulation of muscle protein synthesis (Dibble and Manning, 2013; Shimobayashi and Hall, 2014) , and there is evidence to suggest that sows develop reduced sensitivity to insulin during late gestation (Père et al., 2000) . Therefore, insulin resistance may play a role in modulating maternal Pd during late gestation to partition energy and nutrients toward the fetus. This partitioning appears independent of energy intake. In the absence of maternal insulin resistance, one might expect a greater competition for available nutrients between maternal and fetal tissues such that larger litters would likely result in lighter piglet birth weights. Despite the difference in litter size, piglet birth weight and the pattern of maternal Pd did not differ between feeding levels, lending support to the hypothesis of insulin resistance.
Overall BW gain observed between breeding and farrowing agrees with Dourmad (1991) and estimated BW gain from the NRC (2012). However, overall BF gain in the current study was lower than that reported by Dourmad (1991) , which may be explained by the heavy selection pressure for a leaner genotype in the Yorkshire pigs used in the current study. Both BW and BF gains during gestation support the observed feeding level effect on Pd throughout gestation in the current study. The increased ADG observed in early gestation can be ascribed to increased maternal gain, as younger sows have large maternal Pd requirements. The increase in ADG again toward the end of gestation is due to fetal gain, which is predominately in the form of protein and associated water (Noblet et al., 1985) .
Nitrogen balance observations are ideal for investigating changes in N retention over short time periods while also allowing repeated measurements within individual animals. It is well accepted that N balance observations overestimate actual Pd due to uncaptured N losses (Möhn and de Lange, 1998) . Direct measurements of Pd can be made using the serial slaughter assay but is not appropriate for investigating short-term changes in N retention due to the large variability in body composition measurements and the large number of animals that would be required. Based on a comparison of observed mean N retention across the N balance periods and estimated Pd calculated from observed changes in BW and BF according to the NRC (2012), it can be derived that in this study, N retention systematically overestimated Pd by approximately 20%.
The experimental gestation diet was formulated to ensure sufficient intake of essential nutrients, with Lys formulated to be the first limiting AA. Based on observed Lys intake and gilt performance, the postabsorptive efficiency of using available Lys for retention in whole-body Pd was calculated according to the NRC (2012) and was highest for gilts between d 87 and 112 of gestation at 0.47. Given that N retention overestimates Pd, this value will be lower than 0.47 and well below the biological maximum of 0.49 estimated for groups of gestating sows (NRC, 2012) . Therefore, energy intake can be considered to be the main factor determining Pd throughout the experiment.
Several studies have demonstrated that increased BF at farrowing and/or increased feeding level during gestation will lead to increased BW and BF loss and decreased voluntary feed intake during lactation (Mullan and Williams, 1989; Coffey et al., 1994; Young et al., 2004 ). In the current study, greater BW and BF loss during lactation was observed for gilts on the high feeding level, but in contrast, there was no effect of gestation feeding level on mean ADFI, most likely because gestation BF thickness was below the upper limit (i.e., 20 mm) where lactation ADFI is likely to be impacted. Different feeding levels during gestation in the current study yielded no differences in mean piglet birth weight, number of piglets at weaning, and mean weaning weight, agreeing with previous studies (Dourmad, 1991; Weldon et al., 1994; Young et al., 2004) . There was a tendency for total litter birth weight to be greater for gilts on the low feeding level, which can be explained by the larger litter size. However, it is speculated that this difference in total born alive is not attributed to the feeding levels in this study. There was no difference in the number of stillborns or mummies, suggesting that the difference occurred before the feeding levels were imposed at d 32, as fetuses that die after skeletal calcification (30 to 40 d of gestation) are not resorbed and would likely be mummified at farrowing (Mengeling, 1986) . The tendency for greater litter gain from gilts on the high feeding level can be attributed to greater milk production at the cost of maternal protein and fat stores, as gilt ADFI was not different.
In summary, increasing feed allowance by approximately 30% (i.e., 15% above NRC recommendations) between d 33 and 112 of gestation for gilts resulted in greater whole-body and maternal Pd consistently throughout gestation (40.1 g/d), greater BW gain (20.9 kg), and greater BF gain (2.4 mm). In contrast to the general pattern of maternal Pd represented by the NRC (2012), a gradual decline in maternal Pd was observed after d 98, indicating a competition between maternal and fetal nutrient requirements. Furthermore, the consistent pattern of maternal Pd with feeding level invalidated our hypothesis and suggests some physiological regulation of maternal Pd that is independent of nutrient intake. The observed patterns in maternal Pd suggest that the proportion of AA requirements associated with maternal Pd of gestating gilts are lower toward the end of gestation than estimated. Elucidation of the distinct contributions of time and energy intake to overall maternal Pd is also required.
